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AN INVESTIGATION INTO THE EFrLCTS OF 
VARIOUS DILUENTS ON BACILLUS COLI COIMUNIS. 
The following investigation was suggested by certain 
inconsistences observed in the course of some quantitative 
examinations of bacteria during which the possibility of 
serious errors arising in connection with dilution such as 
is frequently undertaken in the enumeration of viable 
bacteria was noted. 
It appears from the literature on the subject that 
many authors have assumed that, provided the time- interval 
of dilution is short, the lethal effect of a diluent such 
as saline, tap -water and even distilled water _can be 
ignored. That this is not the case is proved by the 
experiments recorded in this paper. 
It will be shewn that in the case of B. coli and other 
organisms of this group the death -rate may be extremely 
rapid, for it is determined not only by the nature of the 
diluent, but also to a very marked degree by the physical 
state of the individual bacterial cells. Vegetative forms 
of B. coli communis removed from their culture medium during 
the logarithmic phase of growth are extremely sensitive to 
all of the above mentioned diluents, whereas an old culture 
of the same organism is much less so. 
Between these extremes the bacilli shew a graduation 
is susceptibility. Differences in degree of staining 
serve to distinguish the old from the young bacteria. 
The organism chosen for this work was B. coli, 
originally obtained from the National Collection of Type 
Cultures, and since maintained on beef extract agar. 
The difference in staining reactions of a young and 
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of an old bacterial culture is a matter of daily 
observation in the laboratory, for while the young culture 
takes the stain intensely the old culture appears by 
contrast to be almost unstainable. That these differences 
are associated with a change in the viability of the 
organism is proved by the experiments recorded below. 
It is almost certain that on ordinary laboratory 
media cessation of growth of a bacterial culture is due to 
the inability of the organism to utilise the nutriment rather 
than to a lack of nutriment itself. This condition is 
brought about by an accumulation in the immediate neighbour- 
hood of the bacillus of the toxic products of its own 
metabolism. The response of the organism to its 
increasingly toxic environment is a profound change in its 
ectoplasm in consequence of which all protoplasmic activity 
apparently becomes stationary. The membranic envelope of 
the organism seemingly undergoes some change which enables 
the organism to withstand, for a time, the influences 
tending to destroy its vitality. In other words, the 
organism changes from the vegetative to the resistant or 
dormant condition. 
The action of a diluent which is not in itself 
chemically lethal will serve by decreasing the concentration 
of toxin to excite the organism to begin another phase of 
growth. 
'"!hen a diluent, such as distilled water or physiological 
saline, contains nothing of nutrient value the resting 
bacilli will first vegetate and then die out, the death of 
the bacilli being due probably to plasmolysis and autolysis. 
The following experiments illustrate the above 
statement. Five cultures of B. coli were taken and studied - 
a 30 day old, a 16 day old, a 7 day old, a 4 day old and a 
24 hour old culture. At all stages of growth smear 
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preparations were made and stained by Loefflerts Methylene 
blue. Taking the 30 day old culture, for instance, the 
first smear shewed that all the organisms by their very 
feeble staining reaction and indistinct morphology were in 
the resting condition. A subinoculation on to a fresh 
agar slope was made. The minimum amount of growth was 
taken to ensure viability. Smears were made at the time 
of each subinoculation to permit of careful observation of 
each stage of growth. After a short period of incubation 
at 37°C and as soon as a definite film of growth was 
detected a small portion of the culture was seeded on to 
a fresh agar slope. This process was repeated a third 
time and films were then prepared of the rapidly growing 
young organisms. All the bacilli shewed an intense 
staining reaction. 
The culture was now returned to the incubator, and at 
intervals of ten minutes, covering a period of two hours, 
smear preparations were made and stained as before. The 
gradual change from vegetative into resting stage was 
clearly demonstrated. At the end of 24 hours only a few 
vegetative bacilli were seen, and a final preparation after 
four days growth spewed nothing but resting forms of the 
bacillus. 
Another series of observations was made beginning 
with the growth on a slope subinoculated from an old 
culture. The smear made at the time of inoculation shewed 
only resting forms all feebly and uniformly stained. After 
about 40 minutes a few vegetative forms were seen together 
with many transition forms, i.e. forms with staining 
properties intermediate between the vegetative and the 
dormant. The vegetative forms now increased rapidly in 
numbers and at the end of an hour constituted practically 
all the bacilli. Shortly after this the vegetative phase 
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began to decline and a return to the dormant stage was 
practically complete in 24 hours. 
Next, a heavy suspension of B. coli in physiological 
saline from a 9 day old slope culture was made and 
immediately centrifuged and the supernatant fluid poured 
away. The bacillary residue was washed twice with sterile 
saline. Examination of the moist deposit sheaved all the 
bacilli were in the resting condition. A very small 
quantity of fresh saline was now added and the bacterial 
deposit placed in the incubator at 37 °C and examined at 
intervals. Within half an hour many deeply staining bacilli 
were noted. These gradually increased up to a certain 
point, and then after a somewhat prolonged interval (over- 
night) disappeared. Addition of a further small quantity of 
saline induced another effort on the part of the bacilli to 
begin a fresh vegetative phase which died out as before in 
a few hours. Therefore to change from resting to vegetative 
forms the organisms evidently require to be freed from the 
associated inhibitory substances, i.e. the products of 
metabolism. The addition of a small quantity of saline 
partially achieves this by lowering the concentration of 
toxins. The survival of the vegetative forms for some 
hours is probably due to their being able to derive nutriment 
from the dead forms, for judging by microscopical observation 
the growth is local rather than general as would be expected 
if the growth were due to a trace of culture medium being 
carried over with the bacteria. 
The rapidity with which by appropriate treatment the 
above changes in the bacilli can be induced to occur proves 
how extremely sensitive the organisms are to,a change in 
their environment. 
The vegetative forms which are so easily produced by 
the action of a little saline are just as effectively 
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destroyed by the same agent if no fresh nutritive substance 
is added. This is shewn by the experiments above 
mentioned. From this it may be inferred that by treatment 
with saline or distilled water the death -rate of the 
vegetative and of the dormant bacilli will spew marked 
differences. The death -rate of the vegetative forms will 
probably be almost immediate whilst that of the resting 
stage will be more prolonged, for the organism has first to 
change to the vegetative form before death takes place. 
That these conclusions drawn from the foregoing microscopical 
examinations are correct is proved by a series of experiments 
given below in which the vegetative and the dormant forms 
were separately submitted to the action of saline, and of 
distilled. water. 
EXPERIMENT I. 
The purpose of this experiment was to determine the 
magnitude of the error which can arise in estimating the 
number of viable bacteria in a suspension when the method 
adopted is that of diluting the suspension with physiological 
saline, making plate counts of the organisms present in 
the dilution, and then assuming that this number multiplied 
by the dilution factor represents the actual number of 
viable bacteria in the original suspension. 
An initial suspension was prepared in saline 
(0.85% NaCl) of organisms from a 24 hour agar slope culture 
of B. coli and a series of dilutions was made as shewn. 
Plates were inoculated with as little delay as 
possible. Each of the inoculated plates receiving 1 cc. 
of the respective dilutions, the nutrient agar media 
being poured at a temperature of 45 °C and incubated for 
48 hours at 37 °C and then counted with the aid of a hand lens 
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104 1,656 3.219 
105 380 2.570 
106 272 2.435 
107 114 . 2.057 
108 54 1.732 
109 15 1.175 
1010 18 1.255 
1011 5 0.699 
These results are interesting. With 1/10 as the serial 
factor of dilution the death -rate is logarithmic (see 
graph I), and it i's clearly evident in this experiment 
that multiplication of any count by the factor of dilution 
would not give the correct number of viable organisas in 
the original suspension. To make such a calculation it 
would be necessary to use an equation of the following 
type:- 
y - - ax } b 
where y = log. of the No. of viable organisms 
x log. of the reciprocal of the 
dilution ratio. 
a & b represent constants. 
Let it be supposed that at dilutions of 1/106 and 
1/107 the logs of the numbers of the organisms present in 
these dilutions are 2.4 and 2.0 respectively. Then by 
substitution we have 
I 2.4 = - a6 b 
II 2.0 _ - a7 4-- b 
from I - II :. a = 0.4 
III 2.4 = (-0.4 x 6) b 
and .'. b ^ 4.8 
c,,:j- 
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The original equation now becomes 
y s -0.4x + 4.8 
when x = 0, that is the value of the undiluted suspension 
y = 4.8 
and therefore the number of viable bacteria present in the 
undiluted suspension is 63,100 per cc. 
EX PER IME T II. 
The purpose of this experiment was to find out the 
effect of dilution with physiological saline and distilled 
water on both the vegetative and dormant forms of B. coli. 
The initial suspension was a loopful ofs organisms of 
a 24 hour old agar slope culture rubbed down in physiological 
saline to match an opacity of 20 opacity units.x This 
opacity is that produced by the addition to a litre of 
distilled water of an amount of Barium sulphate chemically 
equivalent to 0.02 grammes of Potassium sulphate. Of 
this 0.1 cc. was then pipetted into 200 cc.. of saline or 
distilled water as the case might be. In each case where 
distilled water was used a control in saline was done at the 
same time to give some idea of the comparative number of 
organisms present in the original suspension. Therefore 
the difference between the control and the initial counts 
represent the number of bacteria killed off in the process 
of preparing the suspension in distilled. water. The 
graphs of these figures spew very clearly the relative 
lethal effects. 
Physiological saline Distilled water 
Veg. Dor. Veg. Dor. 
Control counts in saline 14,800 32,000 
Initial " 11,200 30,000 1,660 18,000 
after 1 hour - - 800 
u 1* " - 16,000 - 
t 2 tr 1,320 - sterile - 
tr 32 " - 8, 900 - 
ti 4 tt 2 
- 10 
u 5* " sterile 4,800 - 
rr 5J " - sterile 
" 72_ It 432 
" 24 " ........ sterile 
xA Standard Opacity Unit f cr Measurement of Bacterial 
Suspension. E.C.Zladdon. Trans. Roy. Soc. Trop. Med. & Ilyg. 

















The time differences in the examinations is due to 
interruption of other work. It was intended that all the 
time intervals should be equal. 
EXPERIMENT III. 
The figures of the distilled water diluent proved 
so unexpected that a second experiment was carried out 
with exactly the same technique, the resulting figures 
and graph are shewn. below. 
Control counts in saline 











As the death -rate of the vegetative forms in 
distilled water proved so rapid it seemed desirable to 




In order to obtain smaller counts the initial 
suspension (i.e. of 20 opacity units value) was diluted 
1/100 in two stages thus: 1/10 x 1/10 and 0.1 cc. of the 
final dilution was added to 200 ccs. of distilled water. 
Theoretically this should have resulted in counts 1 /100 
of the original figures, i.e. 1,400 and 3,200 control instead 
of which the lethal effect of this additional dilution in 
saline was very evident. However, the numbers are 
sufficient for the purposes of this experiment. 
Control count in saline 330. 
Initial count in 
distilled water 12. 
After 5 minutes 2. 
" 10 " 1. 
" 15 t' sterile. 
The necessity of taking into account the lethal effects of 
the diluents employed in diluting suspensions of viable 
bacteria is proved by the foregoing experiments. It is 
obvious that neither physiological saline nor distilled 
water should be employed for this purpose even when the 
total time employed in diluting and plating out is 
short. 
It is essential that a. diluent should be used which 
will not impair the vitality of the organism, and will be 
equally innocuous to both the vegetative and the dormant 
forms, for as has been shewn both these forms may be 
present in a 24 hour culture of B. coli on nutrient agar. 
Further dilution experiments were carried out using 
Ringer's solution and a solution of mixed inorganic salts. 
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Sodium chloride 0.80% 
Calcium chloride 0.02% 
Potassium chloride 0.02ó 
Mixed Inorganic Salt Solution. 












It was known that the latter medium was capable 
of supporting the life of B. coli but the rate of growth 
promised to be practically negligible within the time 
required for diluting and plating out of bacterial 
suspensions. 
EXPERIMENT V. 
In this experiment the effects of physiological 
saline and the mixed salt solution on both vegetative and 
dormant B. coli comniunis were determined. The results 
tabulated and graphed are given below:- 
Initial counts 









Physiological saline. Mixed salt solution. 































rr 5 rr 4 24 
rr 
6 " 4 21 
't 
7 
It 3 22 
It 8 It sterile 21 
" 24 " sterile 8200 1440 
The graph speaks for itself. The difference between the 
physiological saline and mixed salt solution is well marked 





After * hour 
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'if 2 rr 
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rr 3 n P3 rr 
rr 4 tt 
tr Al rr 
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tt 5 tr 
r 5* 2 






Veg. Veg. Dor. 
385 1,200 103 102 
237 29 









The above figures and graph skew the lethal effects of 
Ringer's solution which is practically as inimical to the 
life of the bacilli as saline solution. The 'shock death- 
rate' is again a notable feature. 
EXPERIMENT VII. 
The marked lethal effect of water on B. coli 
suspended therein suggested that this principle might be 
usefully applied in determining the relative lethal action 
of natural waters. To test this idea five samples of 
water from different sources were collected and 100 cc.. of 
each sample placedin plugged flasks and sterilised, together 
with similar controls of distilled water and saline. 
Each flask was now inoculated with one loopful of a 
suspension of B. coli (of 50 opacity units) gently shaken 
and quantities of 1 cc. each plated out. After an interval 
of 15 minutes further lcc. quantities were plated out. The 
plates were incubated at 37 °C for 24 hours and the colonies 
then counted with the aid of the hand lens 
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organzsms. (0.85% NaC1 = unity). 
1st count 2nd count 
1. 161 9 7.3 
2. 169 9 5.2 
3. 143 28 2.0 
4. 121 81 0.6 
5. 170 54 1.3 
0.85% NaC1 164 67 1.0 
Distilled water 4 sterile 
The figures for the relative lethal ratio are 
obtained by dividing the ratios of the counts of the samples 
by the ratio of the counts for the 0.85% NaC1 solution. 
Thus we have 
161 X 67 
9 164 
SUIti+LNMA RY . 
7.3 
1. During growth on ordinary culture media there 
occurs in the case of B. coli a physiological process 
analagous to spore formation and germination. These two 
conditions of the bacilli, i.e. the dormant and the 
vegetative can readily be distinguished by the difference 
of intensity of staining reaction and also by the lethal 
effects of physiological saline and distilled water on 
them. 
2. The use of physiological saline and distilled 
water is shewn to be inadmissable for the purpose of 
diluting down suspensions of viable bacteria. The formula 
is given for a diluent which appears to be suitable for 
the purpose. 
3. Experiments shew that the sensitiveness of 
B. coli to slight variations in its environment might be 
utilised as a biological test in the examination of water 
supplies. 
